We present an analysis of Young Stellar Object (YSO) candidates towards the LDN 1188 molecular cloud. The YSO candidates were selected from the WISE all-sky catalogue, based on a statistical method. We found 601 candidates in the region, and classified them as Class I, Flat and Class II YSOs. Groups were identified and described with the Minimal Spanning Tree (MST) method. Previously identified molecular cores show evidence of ongoing star formation at different stages throughout the cloud complex.
Introduction
LDN 1188 (Lynds, 1962 ) is a dark cloud complex located nearby the S140/L1204 star forming molecular complex towards the Cepheus region. It is part of a giant ring around the Cep OB2 association (Kun, M., Balázs, L. G., Tóth, I. 1987 ,Ábrahám P., Balázs L. G., Kun M., 2000) . The derived distance of the cloud is 910 pc (Ábrahám et al. 1995) , based on IRAS 100 µm optical depth, with an estimated total mass of ∼1800 M ⊙ . Star forming activity of LDN 1188 has been investigated in several papers. Könyves et al. (2004) reported a detailed study of three YSOs by using 2MASS, MSX, IRAS and ISO data, constructing the spectral energy distribution of the objects. Ábrahám et al. (1995) found candidates for YSOs by detecting Hα emission objects and selected 6 IRAS sources as YSOs from the 25 infrared point sources located in the region.
In a recent paper Verebélyi et al. (this issue) summarised the results of the molecular line measurements in this dark cloud complex, including NH 3 , CS and submm observations at the 1.2 mm continuum. These measurements revealed that there are various evolutionary phases present in parallel in the dark could complex. In this paper we investigate the YSO content of LDN 1188 using public WISE point source catalog data (Cutri et al. 2012) , with the aim to characterise the young population and compare their distribution with that of the molecular material.
⋆ Corresponding author: e-mail: marton.gabor@csfk.mta.hu 2 WISE data and YSO selection method WISE (Wide-field Infrared Survey Explorer, Wright et al. 2010 ) is the most recent infrared survey satellite. The point source catalog (Cutri et al. 2012) built from the observations contains photometric data on 563921584 sources observed at 4 wavelengths, 3.4, 4.6, 12 and 22 µm. The achieved angular resolution was 6.1 ′′ , 6.4 ′′ , 6.5 ′′ , and 12.0 ′′ , respectively, which is ∼5 times better than that of IRAS at 12µm. Also, while IRAS could detect a source with a brightness of at least 0.5 Jy at 12 µm, the detection limit of WISE was lower than 0.01 Jy at this wavelength.
The detailed YSO selection method will be further discussed in our forthcoming paper (Marton et al. 2013, in prep.) . Here we present only a short summary: the selection method itself is a statistical method. The Quadratic Discriminant Analysis aims to differentiate groups in multi dimensional data, regardless its nature. During the multi-step process, one needs to define a training sample, which is then used to "teach" the algorithm the quadratic boundaries between the different groups. These boundaries are then applied to the data, and a probability is associated with each object indicating the likelihood of belonging to one or the other group. We used SIMBAD and VizieR databases during the teaching phase, and applied the boundaries to those WISE detections that had a signal-to-noise ratio of >7 in each band. 
YSO candidates in LDN 1188
We found 601 YSO candidates in the studied area (105.2<l<106.2 and 3.7<b<4.3, see Fig. 1 ). Position correlation of the sources with the SIMBAD database shows that almost all sources are of previously unknown type. Only 7 counterparts have been found, when using the WISE point source coordinates as centres of a 5" radius search area. The source [ADM95] 1 (IRAS 22129+6110 at l=105.29, b=+04.05) is located within a reflection nebula DG 180 and it is also close to the CO clump "A" (Ábrahám et al. 1995) . IRAS 22143+6120 (at l=105.52, b=+04.1) and 2MASS J22174025+6147025 (at l=105.79, b=+04.14) are known as single stars. CDS 1319 (at l=105.49, b=+03.89) is known as an emission line star closely located to the GN 22.15.0 reflection nebula. IRAS 22174+6121 (IRS-6 at l=105.83, b=+04.90, see Fig. 3 ) appears as an IR object in SIMBAD, while one source is closely located (at l=105.29, b=+04.05) to the GN 22.12.9 reflection nebula.
YSO candidate classes
In order to have an estimate on the evolutionary stages of all the candidates, we calculated the spectral indices (α) for each object. The colour correction needed in the range of the potential temperature of these objects is relatively low (∼1%), therefore we did not apply this correction to the magnitudes. To calculate α, we followed the method described in Majaess (2012) , and used the formula:
where W1 to W4 are the source magnitudes for the 4 WISE passbands from 3.6 to 22 µm, respectively. The conventional criteria for the evolutionary stages features α > 0.3, −0.3 < α < 0.3, −1.6 < α < −0.3 and α < −1.6 for Class I, Flat, Class II and Class III objects, respectively. Applying these criteria to our calculated α values resulted in 50 sources classified as Class II objects, 180 Flat type objects and 371 Class I sources. No Class III objects were found. For the spatial distribution of the classes see Fig. 4 .
Group identification
We used the Minimal Spanning Tree (MST) method of Cartwright & Whitworth (2004) , as described in Gutermuth et al. (2009) and Beerer et al. (2010) to identify the groups. The construction of such a tree is described by Gower & Ross (1969) . Within the MST structure, groups can be separated as having small branch lengths between all members, i.e., less than some cutoff branch length (L Cut ). The L Cut was calculated from the cumulative distribution function of the MST branch length, approximated by two linear segments (see Fig. 2 ). The shallow and the steep line segments connected at a branch length of 67 arcseconds, which value was then used to identify the individual groups within the MST network.
In this way we were able to identify 91 groups within the network (see Fig. 3 ). The number of YSO candidates located in groups is 509 (85% of all). The number of groups containing 4, or more candidates is 37. Table 2 list the properties of groups with at least 4 group embers. We investigated how changes in the linear approximation of the slopes affects the group identification. Fitting different sections of the distribution slightly changes the L Cut . Also, 40% increase in the L Cut resulted in only 15% more groups, where the number of small groups was higher, but large ones started to merge. A 10% lower L Cut increased the group number with only 5%. In this case large groups tended to fall apart.
Fig. 2
Cumulative distribution function of the MST branch length. Steep and shallow segments were approximated with single linear fits (solid lines). Their intersection defines the L Cut (dashed line).
As Table 2 shows, the vast majority of the group members are Class II and Flat type objects. 262 from the 371 (71%) Class I objects are bound within these large groups. 68 of them (18%) are bound within small groups and 41 of them (11%) are not bound in any groups. 98 (54%) of the 180 Flat type objects are within large groups, 48 (27%) are within small groups and 34 (19%) are not bound to any groups. 27 (54%) of the 50 Class II objects are within large groups, 7 (14%) are within small groups and 16 (32%) are not bound. Class I objects tend to be bound to large groups (having at least 4 group members), which are in their early evolutionary stages. The more evolved Flat and Class II objects are also mainly connected to larger groups, but they tend to lose their connection to those groups, since 19 and 32 percent of Flat and Class II objects are single sources in comparison to the 11% of the Class I objects.
Discussion
CO clumps were identified and analysed inÁbrahám et al. (1995) , and they also determined the size of the cloud cores. We used this apparent radius of the cores to determine if a star is associated with one of the cores. The distance limit for being in association with a core was set to 1.5 core radius and we also determined the average α value of the stars belonging to each CO core. A summary of the results and the core properties published inÁbrahám et al. (1995) are presented in Table 1 .
Core A: It is the core with the highest column density and with the highest YSO candidate count to M ⊙ ratio despite it's relatively low gas mass of 130 M ⊙ . The average α value of the associated candidates was found to be the highest here among the cores, suggesting that most of the YSO candidates are very young, in Class I evolutionary stage. The two biggest groups with 73 and 52 members are also located in the vicinity. IRS-1 (IRAS 22129+6110) is a nearby source that might be associated with Core A. Core B: This is the core with the lowest column density in the studied area. The number of associated YSO candidates is the highest among the cores, but their average spectral index is close to that of the Flat class members, suggesting that these stars are relatively older. Only smaller groups of candidates can be found in the vicinity of the core. IRS-4 is apparently associated with the core.
Core C: The YSO content of the clump is similar to that of Core B with a smaller number of sources. The average spectral index is close to that of the Flat class. The column density of the core is higher than in the previous case, but the YSO candidate count to M ⊙ ratio is lower. The apparent position IRS-6 is close to the core with only small groups of YSOs.
Core D: We found that Core D is associated with fewer number of candidates and the median α is lower than in the other cases, suggesting that it is a relatively old clump. Moreover, none of the associated candidates is a member of a group with at least 4 objects and the calculated number of YSO candidates over the core mass is the lowest among the cores.
Core E: In the vicinity of this core we could identify several groups with >10 group members. The median of the estimated spectral index suggests that the majority of the sources are from Class I, in fact the second youngest population in LDN 1188. Although the infrared source IRS-5 is located near to the cloud, sub-millimetre observations could not identify any detectable source there (Verebélyi et al., this issue) .
Core F: The observed column density is the second highest among the cores, and this core has far the highest mass in the field. This core shows the lowest YSO candidate count to M ⊙ ratio in LDN 1188, in agreement with the www.an-journal.org Table 1 General properties of CO cloud cores and their estimated star formation activity. The columns are: core ID, galactic coordinates, median α value of the associated candidates, their standard deviation, number of the associated candidates, the number of stars over the core mass and the number density of the cores. Verebélyi et al. (this issue ) that this core is likely in an early evolutionary phase.
An overdensity of YSO candidates is observable in the direction of IRAS 22150+6109 (l=105.49 and b=3.89), which is known to be associated with an emission line OB star 3 + 60 9 (Wackerling 1970).
Summary
601 YSO candidates were identified towards the LDN 1188 infrared dark cloud. They are located in 91 groups, from which 37 have 4 or more members. 371, 180 and 50 sources were classified as Class II, Flat and Class I sources, respectively, based on their estimated α spectral indices. Our results are in agreement with the findings of the molecular material survey by Verebélyi et al. (this issue) concerning the evolutionary stages of the different parts of this cloud complex.
